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黄河口滨岸潮滩不同生境下翅碱蓬硫元素的季节
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摘  要  2008年5–11月, 对黄河口滨岸潮滩不同生境下翅碱蓬(Suaeda salsa)硫(S)的季节变化特征进行了研究。研究表明: 中
潮滩翅碱蓬(JP1)和低潮滩翅碱蓬(JP2)各器官生物量均具有明显的季节变化特征, 总体表现为JP1 > JP2; JP1和JP2地上与地下
部分比值的变化较为一致, 整体表现为JP2 > JP1; 二者枯落物量呈递增变化; JP1和JP2叶、茎和枯落物中的全硫(TS)含量在生
长季波动变化明显, 整体呈先增后减变化, 而根中的TS含量在生长季呈递减变化, 符合指数衰减模型; 二者不同器官及枯落
物的TS累积量和S累积速率(VS)季节变化明显, JP1地上部分的TS累积量和VS明显高于JP2, 且二者地上部分的TS累积量和VS
均明显高于地下; JP1和JP2不同部分的S分配比差异明显, 其中叶的分配比 高, 分别为(38.34 ± 16.19)%和(66.27 ± 12.09)%, 
说明叶是翅碱蓬重要的S累积器官。结果显示, 翅碱蓬的生态学特性和其所处生境的水盐状况对JP1和JP2生物量、TS含量、
累积量、累积速率、分配比均具有重要影响。 
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Abstract 
Aims  Our objective was to determine the characteristics of sulfur (S) accumulation and allocation by Suaeda 
salsa in two different habitats of the intertidal zone in the Yellow River Estuary of China. 
Methods  We established two plots (30 m × 30 m) in two different tidal flats and collected different organs of S. 
salsa every 20 days from May to November 2008 from four or five sites selected at random from the two plots.  
Important findings  The biomass of different organs of S. salsa in middle tidal flat (JP1) and low tidal flat (JP2) 
showed significant seasonal dynamics, and the values of JP1 tended to be higher than those of JP2. For JP1 and 
JP2, the ratios of aboveground biomass to belowground biomass changed similarly, but the values of JP2 tended 
to be larger than those of JP1. The litter biomass of JP1 and JP2 increased exponentially during the growing sea-
son. Although the total sulfur (TS) contents in leaves, stems or litter of JP1 and JP2 fluctuated greatly during the 
growing season, they all initially increased and then decreased. In comparison, values in roots decreased at all 
times following an exponential decay model. The TS accumulation amount and rate (VS) of different organs and 
litter also had seasonal changes, and the values of above-ground organs of JP1 were much higher than those of 
JP2. Moreover, the TS accumulation amount and VS of above-ground parts were higher than those of be-
low-ground parts. The S allocation ratios of different parts of JP1 and JP2 also had significant differences. Leaves 
had the highest allocation ratio, and values of JP1 and JP2 were (38.34 ± 16.19)% and (66.27 ± 12.09)%, respec-
tively, indicating that leaves were the most important site of S storage.  
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系在一起的(Thamdrup et al., 1994), 因此受到了广





















1  研究地区和研究方法 
1.1  研究区概况 
试验区在黄河三角洲国家级自然保护区黄河











1.2  研究方法 












1.2.3  计算方法 




1.2.4  数据处理 
运用Origin 8.0对数据进行作图、计算和数学模
拟, 运用SPSS 16.0对数据进行单因素方差分析。 
2  结果和分析 
2.1  生物量和枯落物量的季节动态 












地下生物量 低; 随后地下生物量逐渐增大, 于8
月取得 高值; 之后, 植物根系开始逐渐死亡、腐
烂, 导致地下生物量逐渐降低。二者枯落物的产生
具有相同的模式, 均随生长时间的延长逐渐增加,  
 






















2.2  植物体及枯落物S含量 
由图2可知 ,  两种翅碱蓬群落各器官的全硫
(TS)含量均具有明显的季节变化特征。JP1、JP2地
上器官的TS含量随季节的变化趋势较为一致, 整体
呈倒“V”型波动变化, 生长初期较低, 随着植物生 
 
 
▼地上部分 Aboveground part  ■地下部分 Belowground part  □ 叶+果实 Leaf + fruit  ● 茎 Stem  ☆ 枯落物 Litter 
 
图1  翅碱蓬地上和地下部分及不同器官生物量季节动态。JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 
Fig. 1  Seasonal dynamics of aboveground and belowground biomass of different organs of Suaeda salsa. JP1, Suaeda salsa in 
middle tidal flat; JP2, S. salsa in low tidal flat.  
 
 
表1  地上生物量与地下生物量的比值(rA/B) 
Table 1  Ratios (rA/B) of aboveground biomass to belowground biomass of Suaeda salsa 
月份 Month 5月 May 6月 June 7月 July 8月 Aug. 9月 Sept. 10月 Oct. 11月 Nov. 
JP1 3.067 3.095 4.780 5.999 6.104 5.170 0.903 
JP2 3.863 4.359 6.427 8.735 9.958 7.975 8.194 
JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 
JP1, Suaeda salsa in middle tidal flat; JP2, S. salsa in low tidal flat. 
 
 
■根 Root  □ 茎 Stem  ● 叶 Leaf  ▽ 枯落物 Litter 
 
图2  翅碱蓬根、茎、叶以及枯落物中全硫含量的变化。JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 
Fig. 2  Changes of total sulfur content in roots, stem, leaves and litter of Suaeda salsa. JP1, Suaeda salsa in middle tidal flat; JP2, S. 
salsa in low tidal flat.  
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长逐渐增高, 到生长旺期达到 高(6、7月份), 之后







TS含量在生长前中期(5–8月)表现为JP2 > JP1, 生
长后期则表现为JP1 > JP2, 末期二者的TS含量趋于
相等水平。方差分析表明, 二者各器官及枯落物的S




2.3  S累积量及累积速率的季节动态  




表2  翅碱蓬不同部分全硫含量的动态模拟模型 
Table 2  Models of simulating the dynamics of total sulfur content in different parts of Suaeda salsa 
类型 Type 项目 Item 模拟模型 Simulation model R2 p 
茎 Stem Y = 0.017t3 – 5.9340t2 + 508.6t + 1362 0.760 7 ＜0.01 
叶 Leaf Y = 0.0101t3 – 4.0105t2 + 426.94t + 208.93 0.707 5 ＜0.01 
根 Root Y = 3176.9exp(– 0.0053t) + 119.5136 0.433 0 ＜0.01 
JP1   
 
枯落物 Litter Y = 189531.3871exp(– t/10.6423) + 10602.3751 0.838 0 ＜0.05 
茎 Stem Y = 0.0122t3 – 4.2986t2 + 373.86t + 1278.7 0.730 5 ＜0.01 
叶 Leaf Y = 0.0220t3 – 7.8066t2 + 682.4t + 5135.4 0.610 9 ＜0.01 





枯落物 Litter Y = 39293.4172exp (– t/23.0488) + 8266.8818 0.816 0 ＜0.05 
JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 
JP1, Suaeda salsa in middle tidal flat; JP2, S. salsa in low tidal flat. 
 
 
表3  翅碱蓬不同部分S累积量与累积速率的变化 
Table 3  Variations of sulfur accumulation amount and accumulation rate in different parts of Suaeda salsa 
A, 累积量; B, 累积速率。JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 
A, accumulation amount; B, accumulation rate. JP1, Suaeda salsa in middle tidal flat; JP2, S. salsa in low tidal flat. 
 




(month-day) A B (×10
–3)  A B (×10–3)    A B (×10–3)   A B (×10–3)    A B (×10–3)
5–17 0.15 5.69 0.25 9.27 0.36 13.38 0.01 0.09 0.76 28.43 
6–1 0.11 –3.10 0.69 –3.80 1.26 26.80 0.06 3.76 2.12 16.70 
7–11 0.19 1.96 2.41 43.13 1.72 11.48 0.52 11.55 4.84 68.12 
8–9 0.20 0.46 2.30 31.06 2.49 64.05 1.10 20.04 6.09 95.77 
8–31 0.19 –0.40 1.92 –17.50 2.36 –6.20 1.15 2.55 5.62 –21.15 
9–20 0.19 –0.10 2.20 14.31 2.41 2.81 2.17 50.60 6.97 67.72 
10–19 0.12 – 2.50 1.25 –31.80 1.74 –22.40 0.88 –1 286.00 3.99 –1 342.70 
JP1 
 
11–15 0.13 0.53 0.09 –41.40 0.13 –57.60 3.67 99.76 4.02 0.76 
5–17 0.02 0.61 0.07 2.58 0.21 2.58 0.01 0.07 0.30 5.23 
6–1 0.04 1.42 0.43 25.55 1.22 72.40 0.37 26.07 2.05 125.44 
7–11 0.02 –0.40 0.75 8.00 3.60 59.49 0.11 –6.55 4.48 60.94 
8–9 0.03 0.38 0.37 –12.90 0.59 –103.80 0.12 0.07 1.09 –116.63 
8–31 0.03 –0.20 0.25 –5.80 1.12 24.04 0.09 –0.36 1.49 17.88 
9–20 0.03 –0.04 0.26 0. 47 1.10 –1.20 0.11 0.41 1.49 –0.84 









11–15 0.01 –0.80 0.15 –1.80 0.37 –19.00 0.28 5.45 0.81 –15.35 












趋势整体比较一致, 生长初期均取得 低值, 之后
整体上在略微波动中增加, 大值均出现在生长季
节末。两种翅碱蓬地上器官S累积量自5月中旬开始







显高于JP2, 而根在生长季内均表现为JP1 > JP2。 
2.3.2  S累积速率  





















表4  不同生境下翅碱蓬各器官的S分配 
Table 4  Sulfur allocation in different parts of Suaeda salsa in different habitats (%) 
JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 




地上部分 Aboveground 地下部分 Belowground 类型 
Type 
日期 
Date 茎 Stem 叶＋果实 Leaf + fruit 
合计 





5–17 32.64 47.09 79.73 20.01 >0.26 100 
6–1 32.50 59.66 92.16 5.23 >2.61 100 
7–11 49.87 35.52 85.40 3.91 >10.70 100 
8–9 37.74 40.92 78.67 3.32 >18.02 100 
8–31 34.08 41.96 76.04 3.43 >20.53 100 
9–20 31.57 34.63 66.21 2.72 >31.07 100 









11–15 2.14 3.21 5.34 3.25 >91.41 100 
5–17 23.35 70.44 93.79 5.53 >0.67 100 
6–1 20.78 59.57 80.37 1.78 >17.86 100 
7–11 16.70 80.48 97.18 0.48 >2.35 100 
8–9 33.82 53.60 87.42 2.92 >9.65 100 
8–31 16.62 75.41 92.04 1.92 >6.04 100 
9–20 17.25 73.72 90.97 1.85 >7.18 100 









11–15 18.69 45.49 64.17 1.81 >34.02 100 
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表5  两种类型翅碱蓬的湿地环境条件对比 






















Total N  
(mg·kg–1)
0 5.58 ± 2.80 22.45 ± 2.68 1.01 31.42 ± 3.90 8.49 1.40 3.47 576.69 




20 9.83 ± 0.94 13.43 ± 0.51 0.46 43.97 ± 1.03 9.44 0.44 1.40 245.01 
0 18.07 ± 0.43 23.63 ± 1.14 0.63 36.27 ± 1.61 8.82 1.18 1.70 371.80 




20 6.96 ± 0.84 16.08 ± 0.67 0.39 45.08 ± 1.14 9.05 0.72 1.66 263.92 
JP1, 中潮滩翅碱蓬; JP2, 低潮滩翅碱蓬。 









长初期外 , 均表现为JP1 > JP2, 前者为后者的
1.87–4.55倍。二者不同部分S分配比对照显示, 除生
长末期外, 叶的S分配比均高于其他部分, 其分配
比分别高达(38.34 ± 16.19)%和(66.27 ± 12.09)%, 表
明叶是二者不同时期的重要的S储存库。 
3  讨论 
3.1  植物生物量变化 
本研究表明, 黄河口滨岸潮滩JP1、JP2不同器
官生物量均具有明显的季节变化特征, 且差异明
显, 总体表现为JP1 > JP2; 生长季内, JP1和JP2地上














小, 光合作用速率低(刘彧等, 2006), 根系发育相对
弱, 所以rA/B较大。另外, JP1、JP2不同器官生物量
累积、分配及其差异亦可能与其所处生境养分状况
有关。牟晓杰(2010)的研究表明, JP1的N/P为(9.87 ± 
3.47) < 14, 其生长受N限制, JP2的N/P为(15.73 ± 
















































































4  结论 
4.1  JP1和JP2地上、地下部分及各器官生物量均具
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